Background: The effect of administering low-dose cisplatin (CDDP)-5-fluorouracil (5-FU) postoperatively on the activityof the immune system is not known. To clarify the effecton natural killer (NK) cell activityof treatment with low-dose CDDP-5-FU, we compared NKcell activity after surgery for gastrointestinal cancer in patients treated with low-dose CDDP-5-FU, a bolus dose of mitomycin C (MMC) or no anticancer drug.
INTRODUCTION
The immediate postoperative period is appropriate for adjuvant chemotherapy (1) , since treatment is most effective when there are fewer residual tumor cells (2) . However, chemotherapy in addition to surgical stress may further impair host immunity because surgery causes various degrees of immunosuppression (3) (4) (5) (6) (7) . Therefore, there is a need for postoperative chemotherapeutic agents which exhibit not only an essential anticancer effect but also a preservative effect on the host immune response.
There has been no establishment of a standard effective postoperative adjuvant chemotherapy for advanced gastric and colorectal cancer. The drug most commonly used in Japan is mitomycin C (MMC) (2) ; the maximum effective dose of MMC suppresses natural killer (NK) cell activity and pretreatment with Received January 12, 1998; accepted March 23, 1998 For reprints and all correspondence: Koichi Ishikawa, Department of Surgery I, Oita Medical University, 1-1 Idaigaoka, Hasama-machi, Oita 879-5593, Japan Abbreviations: CDDP, cisplatin; 5-FU, 5-fluorouracil; MMC, mitomycin C; NK, natural killer; pre-op, preoperative; POD, postoperative days; PBS, phosphate-buffered saline; PBMC, peripheral blood mononuclear cells; FCS, fetal calf serum; Err ratio, effector-to-target ratio this drug enhances the growth ofthe experimental metastases (8) . Cisplatin (CDDP) and 5-fluorouracil (5-FU) are among the major agents which have been tested in clinical trials (2, 9) , and recently attention has turned to the combination therapy of low-dose CDDP-5-FU because of biochemical modulation (10, 11) . However, the effect of postoperative chemotherapy with a combination of low-dose CDDP-5-FU on the immune system has not been reported.
NK cells are important in host immunosurveillance (12) and NK cell activity is known as a good indicator of the host's resistance against tumor (13, 14) . A recent study demonstrated that the severity of the depression of NK cell activity depends on the severity of surgical stress (15) .
To clarify the effect of treatment with low-dose CDDP-5-FU on NK cell activity, we compared NK cell activity after surgery for gastrointestinal cancer in patients treated with either low-dose CDDP-5-FU, bolus MMC or no anticancer drug.
MATERIALS AND METHODS

POSTOPERATIVE CHEMOTHERAPY
From June 1994 to December 1995, a total of 62 patients, 38 with gastric cancer and 24 with colorectal cancer, were included in this study. Informed consent for functional analysis of NK cells was obtained verbally from all patients when blood was first collected.
None of the patients receivedradiation, steroidsor other therapy thatinfluencesthe immunesystem. All patientswhohad received surgery with curative intent were included. The patients were retrospectively dividedintothreegroups.Of the 35 patientsgiven postoperative chemotherapy, one group (beforeDecember 1994) of 20 patients with locally advanced disease was treated with MMC (historical control) and the other group (after January 1995)of 15 similar patients was treated with CDDP-5-FU. The patients in the MMC group received a single intravenous injectionof 8-12 mg/m-' MMCon the day of surgery. Thepatients in the CDDP-5-FU group receiveda 1 h drip infusion of CDDP (5 mg/day) daily, along with a continuous24 h infusion of 5-FU (500 mg/day)for 2 weeksfrom the day of surgery. Twenty-seven patientsreceived no anticancerdrug (no-drug group).
MEASUREMENT OF NK CELL ACTIVITY
Peripheral blood (10-15 ml) was drawn from each patientbefore breakfast and diluted twofold with phosphate-buffered saline (PBS) (Sigma Chemical, St Louis, MO). Specimens were overlaidon Ficoll-Conray gradients(specific gravity 1.077) (16) and centrifuged at 1350 r.p.m. for 30 min at room temperature. Mononuclear cells were collected as peripheral blood mononuclearcells (PBMC).AfterbeingwashedthreetimeswithRPMI 1640 medium (GIBCO, Grand Island, NY), the PBMC were resuspended in RPM! 1640 medium supplemented with 10% fetal calf serum (FCS) (Flow Laboratories, VA) and the concentrationwas adjustedto 5 x 10 6 cells/ml. Trypan blue dye exclusion was used to assess cell viability, which consistently exceeded 95%. PBMC were collected three times: on the day before surgery (pre-op) and again on postoperative days 7 (POD7) and 21 (POD2l).
The erythroleukemia K562celllinewas usedas a source of target cells. They were cultured in RPM! 1640with 10%FCS.Theywere labeled with sodium chromate (Na251Cr04, 3.7 MBq for 1 x 10 6 cells) inculture mediaat37°C inairwith5%C02 for 1h. Following Jpn J Clin OncoI1998;28 (6) 375 incubation, the cells were washed three times in RP:M1 1640 and adjusted to 1 xlOS/ml with RP:M11640 containing 10% FCS. NK cell activity was measured with the standard 4 h 51Cr-release assay (17 
RESULTS
Patient characteristics are shown in Table 1 . All patients had undergone curative resection. There were no significant differences among the three groups, especially with regard to the operation performed, the length of surgeryand volume of blood loss, which were the criteriafor estimatingsurgicalstress. There were also no differences among the three groups in the complications experiencedduringthe study, anesthesia, management of postoperative pain or blood transfusion, each of which may affect host immune function (data not shown). (%) significantly decreased on POD7 (16.6 ± 2.2%) and did not recover on POD21 (18.6 ± 2.5%). The mean NK cell activity in the CDDP-5-FU group showed no significant decrease on POD7
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and POD21 (pre-op, 37.7 ± 4.3%; POD7, 36.1 ± 4.3%; POD21, 33.6 ± 3.4%). On POD7, NK cell activity in the no-drug group and in the MMC group was significantly lower than that in the CDDP-5-FU group. On POD21, NK cell activity in the MMC group was significantly lower than that in both the no-drug group and the CDDP-5-FU group. Table 2 shows the type and severity of adverse event associated with the anticancer drugs used in this study (18) . No significant drug toxicity was exhibited by either group. Figure 1 . NKcell activity in CDDP-5-FU group (e, n =15), MMC group (0, n =20) and no-drug group (..6., n =27). t p < 0.05 in the no-drug group and ttp < 0.01 in the MMC group as compared with the pre-op value. "P < 0.01 in the no-drug group and the MMC group as compared with the value in the CDDP-5-FU group and **p < 0.01 in the MMC group as compared with the value in the no-drug group and the CDDP-5-FU group.
DISCUSSION
The changes in mean NK cell activity are shown in Fig. 1 . Preoperative NK cell activity in the three groups did not differ significantly (36.6 ± 3.0, 31.4 ± 2.7 and 37.7 ± 4.3 in the no-drug, MMC and CDDP-5-FU groups, respectively). The change in NK cell activity in the three groups differed according to the treatment administered after surgery. The mean NK cell activity in the no-drug group was significantly depressed on POD7 (24.8 ± 2.8%) and returned to the preoperative value on POD21 (31.6 ± 2.9%). In the MMC group, the mean NK cell activity was o pre-op 7
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The present study showed that low-dose CDDP-5-FU prevented the suppression of postoperativeNK cell activity, while the bolus administration of MMC impaired the recovery of the depressed NK cell activity. As reported in other studies (3, 4, 7) , impairment of NK cell activity was demonstrable on POD7 and preoperative levels of NK cell activitywere reattainedby POD21. The transient depression of NK cell activity observed in the no-drug group on POD7 was probably due to surgical stress. The decreased NK cell activity in this group returned to its preoperativevalue on POD21 as the patientsrecoveredfrom surgery (Fig. 1 ). According to these findings, we have regarded POD7 as the time point which was affected by surgical stress and POD21 as that recovered from surgical stress. Despite the absence of randomization, there were no significant differences in preoperative NK cell activity. The characteristics of the patients within each of the three groups were similar (Table 1) . Moreover,except for anticancer drugs administered there were no significant differences with regard to such immunomodulatory factors as postoperativecomplications, anesthesia, management of postoperative pain and blood transfusion (data not shown). Consequently, the changes in NK cell activity observed in this study were thought to reflect the effects of the anticancerdrugs in addition to surgical stress. Little information is available on the immunological effects of low-dose CDDP-5-FU or the synergistic effects of such drug therapy. However, there are some reports concerning the effect of CDDP on the host immune system, optimum low-dose CDDP augmented NK cell activity in vivo and in vitro (19) (20) (21) . Other studies suggest that immune suppressor cells and circulating suppressive factors are produced after surgery and depress the host's immune function (3, 5, 6) . CDDP can abrogate these suppressor cells (22, 23) . On the other hand, 5-FU-based chemotherapy is generally considered to be associated with immunosuppression (24, 25) and it appears that 5-FU does not augment NK cell activity. Therefore, we presume that in treatment with CDDP-5-FU, the CDDP rather than the 5-FU activates NK cells and/or eliminates suppressor cells and, accordingly, preserves the NK cell activity postoperatively. The mechanism of the effects of CDDP-5-FU on other immune parameters requires further study.
By contrast, the MMC bolus injection suppressed NK cell activity continuously up to POD21, while the suppression ofNK cell activity in the no-drug group recovered by POD21 (Fig. 1) . This result in the MMC group may be due to the combined effects of surgical stress and drug-induced bone marrow suppression. Lundy et al. (26) reported that perioperative immunosuppression could promote the growth of micrometastases. Saijo et al. (8) demonstrated that the suppression of NK cell activity by MMC enhanced the growth of experimental pulmonary and liver metastases in mice. Our results suggest that MMC given by bolus injection may be contraindicated as postoperative adjuvant chemotherapy because of its adverse effect on NK cell activity.
The quality of life of patients on chemotherapy depends on the adverse effect of the drugs employed. The toxicity with CDDP-5-FU treatment was not as severe as that observed with MMC treatment, even in the immediate postoperative period (Table 2) . Therefore, CDDP-5-FU administration would be safe even immediately after surgery.
We suggest that the continuous administration of low-dose CDDP-5-FU might be more beneficial than bolus MMC for use as postoperative adjuvant chemotherapy in patients with gastrointestinal cancer because of its preventive effect on NK cell suppression after surgery and mild toxicity. We plan to conduct randomized clinical control trials to demonstrate whether CDDP-5-FU therapy improves the prognosis.
